Microstructural evolution of Inconel 625 and Inconel 686CPT filler metals, used for the fusion welding of clad carbon steel linepipe, has been investigated and compared. The effects of iron dilution from the linepipe parent material on the elemental segregation potential of the filler metal chemistry have been considered. The results obtained provide significant evidence to support the view that, in Inconel 686CPT weld metal, the segregation of tungsten is a function of the level of iron dilution from the parent material. The data presented indicate that the incoherent phase precipitated in the Inconel 686CPT weld metal has a morphology that is dependent on tungsten enrichment and, therefore, iron dilution. Furthermore, in the same weld metal, a continuous network of finer precipitates was observed. The Charpy impact toughness of each filler metal was evaluated, and the results highlighted the superior impact toughness of the Inconel 625 weld metal over that of Inconel 686CPT.
I. INTRODUCTION
CARBON steel linepipe internally clad with a corrosion resistant alloy (CRA) is used in the offshore oil and gas industry as a cost effective means for the transport of corrosive product. To avoid localized corrosion within the weld zone of the CRA clad linepipe, a highly alloyed nickel based filler metal is utilized. However, in addition to providing a superior corrosion resistance to that of the CRA layer, the nickel-based filler metal selected must demonstrate overmatching properties in terms of yield strength and toughness.
A recently developed nickel based superalloy being utilized for the dissimilar fusion welding of bi-metallic offshore pipelines is INCO-WELD 686CPT (IN686CPT). IN686CPT is manufactured for its superior corrosion resistance and has sufficiently high yield strength to overmatch high grade carbon steel linepipe. However, the microstructural evolution of the weld metal upon solidification is not well documented, and there has been no investigation into the segregation behavior of alloying additions when used for dissimilar weld applications. In the present study, the microstructural evolution of weld metal produced by IN686CPT is compared to that of Inconel 625 (IN625), whose solidification behavior has been widely reported. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] It is worth noting that a majority of solid solution strengthened nickel base alloys are developed to be single phase, face-centered cubic (FCC) austenite (c). [11] However, due to solidification mechanisms and certain alloys exhibiting elemental compositions that are beyond the solubility limit, for the metal matrix in which they are solutioned, brittle secondary phases may be formed. [11] Welding presents an additional metallurgical challenge associated with nickel base superalloys; due to the variable parameters which may be employed and an elevated cooling rate (relative to equilibrium cooling), the microstructure is highly changeable and therefore difficult to predict. Given that both the mechanical and corrosion properties of the weld metal are governed by the microstructure and its evolution upon solidification, there have been extensive studies into the behavior of nickel-based weld metals and the effect of alloying additions on their solidification behavior. [1] [2] [3] [4] [5] [11] [12] [13] [14] In terms of predicting the likely phases to be precipitated, it has been reported [4, 5, 12, 15] that the tendency for certain alloying additions to segregate to either the dendrite core or the interdendritic liquid during solidification is governed by the segregation potential associated with that element. This tendency for segregation may be numerically quantified with the segregation coefficient, k, [3] [4] [5] which is derived from the Scheil equation [11, 16] for the modeling of solute redistribution-where there is negligible solid diffusivity as is the case for the alloying additions within nickelbased superalloys. Based upon the Scheil equation, it is evident that the extent of segregation may be determined entirely upon the value of k associated with the element of interest. [11] Elements which have a value of k < 1 demonstrate a tendency to segregate to the interdendritic liquid, whereas those with a value of k > 1 segregate to the dendrite core. [3, 11] Elements with potential to segregate to the interdendritic region (k < 1) are the last to solidify and, with the accelerated cooling rate experienced during fusion welding, are forced to do so in a eutectic reaction in which the transformation to a brittle TCP phase or carbide is facilitated. [3] This phenomenon is well documented in the literature; Maguire and Michael [3] presented a study investigating the microstructural evolution of Alloys 625 and 718 and their newly developed variants in which the effect of chemistry upon the phases precipitated was considered. Maguire and Michael [3] noted that although the Nb additions were the key to the development of these alloys strength, it also segregates to the interdendritic liquid during solidification where it forms either carbides of the form MC or a TCP phase known as Laves. [3] Molybdenum was also noted as both promoting the segregation of the Nb as well as forming within the Laves phase itself. [3] Similar observations were made in various other publications using IN625 where both Laves phase and NbC were formed during solidification. [1, 2, [4] [5] [6] [7] [8] [9] [10] Once again, Laves phase was found to be enriched by the both Nb and Mo. In addition, within a study by DuPont et al., [4] sigma phase was observed in IN622 welds, and its composition was noted to be enriched with both Cr and Mo.
As previously noted, due to the relatively recent development of IN686CPT, the microstructural evolution is not well documented. Furthermore, the dissimilar nature of the weld investigated in the present study creates an additional consideration in terms of iron dilution from the parent material. DuPont et al. [4] reported that the iron dilution from a super duplex parent material may be causing an increased segregation potential of the elements within the IN625 weld metal. They demonstrated that the segregation of Mo and Nb increases with increasing iron dilution from the parent material. [4, 5] In terms of composition, IN625 and IN686CPT weld metals are relatively similar with the only major differences being higher Mo contents in IN686CPT as well as the addition of tungsten (W). The surrounding literature has demonstrated a significant lack of documentation and understanding regarding the behavior of W during solidification of nickel-based weld metals. [11] However, it has been stated that despite the behavior of W not being well understood, it is not thought to demonstrate a segregation tendency when used as a solid solutioning element. [11] This apparent lack of segregation behavior is likely based upon the reported segregation coefficients for tungsten within the same source (k % 1); [11] however, these values do not account for the interaction between W and Fe. Adopting a similar approach as DuPont et al. [4] and utilizing binary alloy phase diagrams to postulate the effect of iron dilution on elemental segregation: it is reported that the solubility of W in c-Ni is up to 39.9 wt pct whereas in c-Fe W is insoluble. [17] The interaction between Fe and W was also highlighted by Perricone et al. [15] where calculated Ni-Cr-Mo pseudo-ternary liquidus surfaces demonstrated the effect of including both Fe and W on the stabilization of the P phase. [15] The aim of the present study was thus to evaluate the hypothesis that since iron will segregate to the dendrite core (k > 1) [4, 5] and tungsten is insoluble in c-Fe, [17] it will be forced into the interdendritic liquid. Hence as solidification progresses, the liquid phase becomes richer in both tungsten and molybdenum before completion where a eutectic type reaction occurs, and a TCP phase is precipitated. This theory is supported by DuPont et al., [11] who state that:
''…with higher Mo additions, combined with the presence of Fe and W, TCP phases typically cannot be avoided in the fusion zone during solidification…'' Hence, it is important to characterize the microstructural evolution of IN686CPT, to determine if deleterious eutectic type phases are formed as the result of elemental segregation in the weld metal and to evaluate the segregation potential of tungsten as a function of iron dilution from the parent material. The effect of the microstructural evolution on the mechanical properties was evaluated using Charpy V notch impact testing.
II. EXPERIMENTAL METHODS
Welds were produced using a base material of 12¢¢ API 5L X65 carbon steel linepipe of thickness 19 mm, internally clad with 3 mm of alloy 316L. One side of the linepipe was welded using IN625 and the other using IN686CPT.
In both cases, the manual gas tungsten arc welding (GTAW) process was used to produce the weldments. In order to generate a variation in iron dilution, the weld geometry was arranged with a 45 deg weld prep on one side of the joint and a 90 deg weld prep on the other (Figure 1 ). Both IN625 and IN686CPT wires used were of 2.4-mm diameter, and all welds were deposited in the 2G position. TVC ALX II Arc Logging equipment was used to capture the weld parameters allowing the heat input to be calculated using Eq. [1] : Table I . Macro sections were cut from both the IN625 and the IN686CPT side of the weld. They were polished to a final grit of 1 lm and etched with a 5 pct electrolytic Nital solution (Figure 1) . The evolved microstructure of each weld was characterized using both an Olympus GX51 light microscope with a polarizing lens and differential interference contrast (DIC) capabilities, and a HITACHI S-3700 tungsten filament scanning electron microscope. For phase identification and quantitative element analysis, energy dispersive X-ray spectroscopy (EDS) was employed using the Oxford Instruments Inca 350 with an 80 mm X-Max detector fitted to the SEM. Iron dilution was quantified using standard SEM techniques; a HITACHI SU-6600 field emission SEM equipped with EDS was used to analyze the elemental composition at various points along a reference line marked onto the macro section. At each point, an accelerating voltage of 20 kV and a working distance of 10 mm were used to measure the wt pct of iron; the iron dilution in the weld metal was calculated using Eq. [2] :
Where D is the iron dilution and Fe a , Fe fm , and Fe pm are the iron contents in wt pct at the point of analysis, the filler metal and the parent metal, respectively. EDS ''line scans'' were used to calculate both the segregation potential of alloying additions and relative enrichment of precipitated phases. For investigation of the segregation potential of tungsten as a function of iron dilution, analysis points were plotted along a line covering dendrite cores and their corresponding interdendritic regions in three distinct areas of 45 deg fusion line (FL), weld metal centerline (WMCL), and 90 deg FL. For precipitate enrichment studies, three precipitates, of similar morphology, from each of the three areas used in dendrite scanning were analyzed. SEM parameters were kept constant with a magnification of 94.00 k, an accelerating voltage of 20 kV, and a working distance of 10 mm. It was ensured that each of the line scans had 12 analysis points, and a minimum of 3 points were on the precipitate.
Electron backscatter diffraction (EBSD) was employed for grain sizing and orientation studies and to determine the level of crystallographic misorientation within the matrix. A HITACHI SU-6600 field emission SEM equipped with an Oxford Instruments HKL NordlysF EBSD camera was utilized for acquiring EBSD patterns. HKL Fast Acquisition and the CHAN-NEL 5 software packages were used for postprocessing and grain mapping.
X-ray diffraction (XRD) was utilized for determination of the lattice parameters of the weld metal unit cell. In the present study, a BRUKER D8 ADVANCE with DAVINCI X-ray diffractometer was utilized in conjunction with the DIFFRAC.SUITE EVA for postprocessing and peak matching. The scan employed was performed between a 2Theta range of 20 and 100 deg with a step size of approximately 0.02 deg and counting at each step for 4 seconds; these parameters were selected since reasonable results were achieved by Rai et al. [18] when using XRD on Inconel 625. The X-ray generator power was set at 1.6 kW (40 kV and 40 mA), and Cu Ka radiation was used.
Charpy V notch specimens were taken from both the IN625 and IN686CPT sides of the weld and made in accordance with BS EN 148 and BS EN ISO 9016. Notches were cut perpendicular to the pipe surface. A total of 8 sets of Charpy V notch specimens were produced for each filler metal type (each set consisting of 3 specimens), 4 sets were notched on the 90 deg FL, 2 sets were notched on the 45 deg FL, and 2 sets were notched in the WMCL. With regard to the 90 deg FL, the notch was located with a minor bias toward the weld metal in order to encourage fracture through this material. For the 45 deg FL, the notch was located such that it was at the midpoint between the point of fusion on the upper and lower sides of the specimen as shown in Figure 2 .
Twice as many sets were produced for the 90 deg FL, as the results of those notched on the 45 deg FL would have their properties masked due to a combination of both filler metal and parent material. Furthermore, by using the 90 deg FL, it was felt that the properties of the filler metal could be better sampled and a more reliable indication of the formation of deleterious precipitates demonstrated. Certain fractured Charpy specimens were selected for examination and imaging using scanning electron microscopy, again a HITACHI S-3700 tungsten filament SEM was employed. In order to examine precipitation on the fractured surface, electrolytic oxalic acid was used.
III. RESULTS AND DISCUSSION

A. Light Optical Microscopy (LOM)
In both IN625 and IN686CPT welds, the dendrites were more densely packed in areas around the fusion lines as a result of higher cooling rates. [13] It has been previously proposed that the compositional difference between the weld metal and the parent material increases the cooling rate and hence the density of dendrite packing [13] at the fusion lines. In the present study, eutectic type precipitates, assumed to be either a TCP or carbide phase, are observed in both the IN625 and IN686CPT welds. However, there are significant differences in the morphology and quantity observed.
The 45 deg FL of the IN686CPT weld (Figure 3(a) ) shows a significant volume fraction of eutectic type precipitate in the interdendritic region, and the precipitates observed appear to be continuous in morphology.
Finer precipitation is also observed in the interdendritic region of the IN686CPT weld metal on the 45 deg FL (Figure 3(a) ), which is speculated to be a carbide phase. It is reported that carbides can, in some instances, be used to ''pin'' grain boundaries and thus provide higher values of tensile strength. [19] However, in this instance, the precipitation is observed to be a continuous film along the grain boundaries, known to be deleterious to mechanical properties. [19] In addition, the film precipitation appears to connect the larger eutectic type precipitates together, providing a path of least resistance for crack propagation, through a network of brittle precipitates.
The centerline of the weld metal and the 90 deg FL were investigated (Figures 3(a) and (c), respectively). In the region around the 90 deg FL, similar precipitates are observed; however, they appear to be less continuous in nature, and the film precipitation is reduced.
In the centerline of the weld metal, the dendrite coring is far less pronounced, which is attributed to a slower cooling rate. The phase precipitated is globular in morphology as opposed to continuous when precipitated at the fusion lines.
The 45 deg FL, WMCL, and 90 deg FL were also investigated in the IN625 weld (Figures 4(a) through (c), respectively) and provide evidence from which it is reasonable to conclude that the precipitated phase is consistent in each of the three regions. A globular as opposed to continuous morphology is observed across the body of the weld-the morphology did not appear to be dependent upon region of analysis. Furthermore, the analysis conducted appeared to demonstrate a lower volume fraction of precipitated phase.
Therefore, the observations made from the light microscopy provide significant evidence to support the hypothesis that dilution from the parent material has a more significant influence on IN686CPT than on IN625 with the morphology and volume fraction of precipitated phase remaining relatively consistent across the weld in IN625 and displaying significant variability in IN686CPT.
Furthermore, initial observations from the light microscopy indicate that the dilution from the parent material is also leading to a change in the morphology of the phase precipitated. In addition, with a high carbon content as a result of dilution from the C-Mn steel parent material, the observed film precipitation has been speculated to be a network of carbide precipitates.
B. Iron Dilution
The results obtained in the iron dilution study are shown in Figure 5 .
As the 45 deg FL is approached, the iron dilution is increased significantly above that of the 90 deg FL. In the center of the weld, despite lower values, dilution has still occurred with an average of approximately 5 wt pct compared to the pre-weld composition of the filler metal at 0.16 wt pct iron. Therefore, any segregation potential of tungsten that is a function of the iron dilution would be reduced across the center of the weld but would not be eliminated completely. 
C. Element Segregation and TCP/Carbide Phase Formation
Incoherent precipitates were observed in both IN625 and IN686CPT welds, the typical morphologies of which are given in Figures 6(a) and (b) , respectively.
The types of TCP and carbide phases precipitated in IN625 are well documented to be the Laves and NbC phases, respectively, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] and hence these shall not be discussed in detail here. The result of an initial EDS analysis of the phase precipitated in the IN686CPT weld metal demonstrated that it was enriched in both molybdenum and tungsten, while being depleted in nickel and iron as shown in Figures 7(a) and (b) . It is worth noting at this stage that Fe has been omitted from the relative enrichment plot since its magnitude is much greater than the other elements, as a result of dilution from the parent material and not as a result of its segregation into the precipitated phase.
The segregation potential of tungsten as a function of iron dilution was also investigated via EDS analysis. Figure 8 shows the wt pct of tungsten at each of these analysis points for the three regions.
Variation in tungsten content, and hence the difference between the 'peaks' and the 'troughs', is dependent on the location of the analysis (Figure 8 ). At the 45 deg FL, where the dilution of iron is the highest, the variation of tungsten between the dendrite core and interdendritic region is most significant. In contrast, in the center of the weld metal, the variation is minimal, although segregation of tungsten is still occurring and may be attributed to the small iron dilution ( Figure 5 ) discussed previously. At the 90 deg FL, tungsten segregation is evident although it is not as significant as on the 45 deg side; this further supports the concept that the segregation potential of tungsten is the result of iron dilution.
Based on the dendrite core and interdendritic compositions determined by EDS, the segregation coefficient of tungsten may be calculated using Eq. (3):
where k is the elemental segregation coefficient, and X is the wt pct of the element of interest in the dendrite core or interdendritic region. Values of k were obtained for each of the three regions analyzed above, and the results averaged. As expected, the lowest value of k and hence where the segregation behavior is most pronounced was 0.86 and obtained from the 45 deg side of the weld. The values obtained in the centerline and 90 deg side were 0.96 and 0.88, respectively. Therefore, it can be postulated with considerable certainty that the k value assigned to tungsten cannot be assumed to be 1 in a dissimilar weld of this nature since the data indicate that it is a function of the iron dilution. This is contrary to the statement of DuPont et al. [11] that although the behavior of tungsten is not well understood, it shows little segregation potential in nickel-based alloys. EDS analysis was also used to demonstrate that tungsten enrichment, as a result of iron dilution, is altering the morphology of the phase precipitated. To calculate relative enrichment, the pre-weld tungsten content (Table I) The most significant enrichment was in the 45 deg FL precipitate analysis where all values exceed an enrichment of 1.3. This effect was reduced in the 90 deg FL and further reduced in the WMCL. Some enrichment was noted in the WMCL; however, this is to be expected given the observed iron dilution ( Figure 5 ). Moreover, all of the precipitates analyzed were of similar continuous type morphology-speculated to be the result of tungsten enrichment. This was assessed by conducting similar analysis on a precipitate of globular morphology from the centerline, cap region of the weld as shown in Figure 10 . The results show that the globular type precipitate has negligible tungsten enrichment, measuring a tungsten content approximately equal to that of the pre-weld composition. However, molybdenum enrichment is still significant; thus, based on the presented data, it is reasonable to conclude that the continuous type of morphology observed in IN686CPT weld metal is associated with the segregation and subsequent enrichment of tungsten in the eutectic type precipitate formed.
Similar enrichment calculations were also conducted for molybdenum to further support the claims that molybdenum was present in all precipitates analyzed; the results are presented in Figure 11 . It is worth noting that molybdenum segregation is known to exhibit some form of relation to iron dilution, [4, 5] again due to a decreased solubility in the c-Fe matrix. [4, 5] Although the most significant molybdenum enrichment was observed in the precipitates found on the 45 deg FL, there was still considerable enrichment in those of the weld metal centerline. As previously noted, in the precipitate of globular morphology, molybdenum enrichment was substantial with values of up to 1.6 being recorded. This behavior of molybdenum is the result of its inherent segregation potential to the interdendritic liquid. [1] [2] [3] [4] [5] [6] [7] [8] 10, 12] Hence, it is likely that although iron dilution from the parent material may offer increased segregation behavior as demonstrated elsewhere [4, 5] it is not a prerequisite and thus incoherent phases enriched in molybdenum will form regardless of parent material dilution.
The combination of SEM and EDS analysis has provided substantial evidence to support the view that not only is the segregation potential of tungsten to the interdendritic liquid a function of iron dilution from the parent material in a dissimilar weld, but it also has an effect on the morphology of the incoherent phase that is precipitated. It is proposed that the enrichment of tungsten causes the precipitate morphology to become continuous which, coupled with the network of fine precipitation as observed in light microscopy, is likely to present a path of least resistance for crack propagation and ultimately failure.
D. Electron Backscatter Diffraction Analysis
Since a higher volume fraction of precipitate was observed on the 45 deg FL side of the weld, EBSD studies were carried out primarily in this region. A relatively large area of the weld metal was mapped, using a step size of 0.504 lm, in order to characterize the prevailing grain size within the weld. The results in the form of an Inverse Pole Figure (IPF) map with grain boundaries highlighted are presented in Figure 12 .
Upon further inspection of Figure 12 , it is evident that there is significant disparity among the grains observed. A majority of grains within the map are relatively large, with an approximate width of 42 lm; however, there are those which are significantly smaller and have vastly different morphologies relative to the rest of the mapped area. It is postulated herein that these apparently smaller grains of different morphologies are the precipitates which have been observed in SEM and LOM studies. This speculation is further substantiated by the observation that these features are contained within much larger grains of characteristic size and morphology, and the IPF map demonstrates that these features are of significantly different crystallographic orientations. Hence it is implied that there is a high level of misorientation in these regions which is typical of an incoherent phase within a matrix [20, 21] and often associated with elemental segregation. [21] For example, consider the region labeled ''1'' in Figure 12 , the morphology and size are uncharacteristic of the surrounding grains, and it is observed to form within a grain as opposed to a typical formation at adjacent boundaries. Furthermore, as made apparent by the IPF map and thus the assigned colors, the crystallographic orientation is vastly different from that which surrounds it. Similar observations are also made region ''2'' in Figure 12 . Therefore, based on the data, it is reasonable to establish that these are precipitates as opposed to individual grains.
E. X-ray Diffraction
XRD was conducted across the body of the weld metal, between a 2h angle of 20 and 100 deg, in order to develop a characterization of the material, and to highlight any variation in crystallographic structure, the collimator was removed such that a significantly larger area of weld metal was analyzed. The results obtained were post processed using the associated software; post processing consisted of a ''Peak Scan'' where the peaks were identified, and the Ka2 background radiation removed. Furthermore, the peaks obtained in the scan were matched using the database software. The results are provided in Figures 13(a) and (b) where the red peak lines indicate a peak obtained from the scan of the weld metal and the blue peak lines indicate a peak of the matched database result. The database matched a number of the peaks identified in the present study as corresponding to those associated with Hastelloy Ò C-276 based on research conducted by Ahmad et al. [22] Given that the composition of these two alloys is very similar, this result is perhaps unsurprising. Furthermore, the disparity in the actual peak locations and those matched with C-276 may be attributed to both the slight variation in chemical composition and as a result of the residual stress in the material due to the welding process-known to result in peak shift in XRD.
However, it is also evident from the obtained scan in this study that there are a number of peaks which have remained unindexed by the database; for example, consider the data presented below (Table II) comparing those peaks associated with C-276 and those which have been recorded.
Based on the data presented above, it is highly likely that the unmatched peaks are those associated with the precipitation of an incoherent phase and thus not the peaks of the bulk metal matrix.
F. Charpy Impact Toughness
There is significant variability in the energy absorbed by the specimens as shown in Table III. For example, it is observed that within set 691, with 3 samples of IN686CPT all notched on 90 deg FL to a high degree of accuracy, the maximum recorded energy was 210J, while the minimum was 72J. The fracture surfaces of these two specimens exhibited significant differences. In the specimen labeled as 691B, the failure has occurred predominantly in the parent material, and the fracture was ductile, with a considerable ''tearing'' effect (Figures 14(a) and (b) ). However, in the specimen labeled 691C, the fracture has occurred through the FL (Figure 14(c) ), and a brittle fracture surface is observed. Figures 14(b) and (c) have been prepared in the transverse direction such that the notch which is evident in Figure 2 is orientated toward the top of the macrograph. In order to demonstrate the variation in fracture surfaces to a greater extent, SEM fracture micrographs were taken and may be observed in Figures 15(a) and (b) for 691B and 691C, respectively. Upon further investigation, the disparity in fracture modes is apparent; 691B exhibits a ductile fracture as evidenced by the elongated dimples on the surface. However, 691C demonstrates an obvious brittle fracture where cleavage may be observed on the planar, crystallographic fracture surface.
Higher values of energy absorbed were obtained in all IN625 specimens (Figure 16 ), demonstrating IN625 has Furthermore, the particularly low values of impact toughness observed (<100 J) were only seen in the specimens welded using IN686CPT as the filler metal. The lowest value obtained using IN625 was 122 J (45 deg FL) and when using IN686CPT was 61J (45 deg FL).
Based on the observations made, it may be concluded with considerable certainty that in the specimens which have the lowest values of impact toughness, fracture has occurred through the network of brittle precipitates previously speculated. However, it is proposed that in the specimens which have high values of energy absorbed, the crack propagation has not been ''found'' this brittle network and thus has been favored the parent material.
This hypothesis of fracture occurring through the brittle network of precipitates is further evaluated by imaging the fractured surface of the specimen which gave the lowest absorbed energy in the etched condition. It should be noted that since the specimen with the lowest absorbed energy is one which was notched on the 45 deg FL, only the IN686CPT material has been imaged. The results are presented in Figure 17 . When using backscattered electron mode (BSE), it is observed that there is a high volume fraction of precipitate in the dendrite arms along which the fracture has propagated. It is reasonable to establish that what are observed here are the precipitates previously noted under SEM and LOM examination, because they are only apparent in the etched condition and appear bright in BSE mode. Since elements of a greater atomic mass appear lighter when imaged in BSE, it is likely that these regions are enriched with molybdenum and tungsten and thus consistent with being eutectic precipitates formed as a result of elemental segregation. It is therefore suggested that the precipitates shown are brittle in nature and have facilitated the fracture by providing a path of least resistance.
IV. CONCLUSIONS
Iron dilution from the parent material occurs throughout the weld with the highest (23.4 pct) dilution being recorded on the weldment side with the larger surface area (45 deg side), and thus, higher heat input compared to 12.8 pct and lower heat input on the 90 deg side. Furthermore, significant, although reduced, iron dilution has occurred in the center of the weldments with values of approximately 5 pct recorded.
The data presented provide significant evidence to substantiate the conclusion that both the segregation potential of tungsten and its enrichment of the phase precipitated in IN686CPT are a function of iron dilution in the weld metal. It has been established that that the k value associated with tungsten varies across the weld with a value of 0.96 in the centerline region and a value of 0.86 at the 45 deg FL. It has also been shown that the presence of tungsten in the precipitated phase appears to have a notable effect on its morphology and causes it to become continuous. EBSD and XRD techniques have also been utilized in order to confirm the presence of an incoherent phase within the bulk metal matrix.
Charpy impact testing has demonstrated that the impact toughness of IN625 is superior to IN686CPT in all instances, and the presence of the observed interdendritic precipitates is proposed as the reason for this reduction in impact toughness. Furthermore, the low impact toughness values recorded in welds made using IN686CPT have been postulated to be the result of the fracture occurring through the network of brittle phase precipitation.
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